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Abstract
BACKGROUND—Although bone mineral density (BMD) testing to screen for osteoporosis
(BMD T score, −2.50 or lower) is recommended for women 65 years of age or older, there are few
data to guide decisions about the interval between BMD tests.
METHODS—We studied 4957 women, 67 years of age or older, with normal BMD (T score at
the femoral neck and total hip, −1.00 or higher) or osteopenia (T score, −1.01 to −2.49) and with
no history of hip or clinical vertebral fracture or of treatment for osteoporosis, followed
prospectively for up to 15 years. The BMD testing interval was defined as the estimated time for
10% of women to make the transition to osteoporosis before having a hip or clinical vertebral
fracture, with adjustment for estrogen use and clinical risk factors. Transitions from normal BMD
and from three subgroups of osteopenia (mild, moderate, and advanced) were analyzed with the
use of parametric cumulative incidence models. Incident hip and clinical vertebral fractures and
initiation of treatment with bisphosphonates, calcitonin, or raloxifene were treated as competing
risks.
RESULTS—The estimated BMD testing interval was 16.8 years (95% confidence interval [CI],
11.5 to 24.6) for women with normal BMD, 17.3 years (95% CI, 13.9 to 21.5) for women with
mild osteopenia, 4.7 years (95% CI, 4.2 to 5.2) for women with moderate osteopenia, and 1.1
years (95% CI, 1.0 to 1.3) for women with advanced osteopenia.
CONCLUSIONS—Our data indicate that osteoporosis would develop in less than 10% of older,
post-menopausal women during rescreening intervals of approximately 15 years for women with
normal bone density or mild osteopenia, 5 years for women with moderate osteopenia, and 1 year
for women with advanced osteopenia. (Funded by the National Institutes of Health.)
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Current osteoporosis management guidelines1–7 recommend routine bone mineral density
(BMD) screening with the use of dual-energy x-ray absorptiometry (DXA) scans for women
65 years of age or older, but no guidelines specify an osteoporosis screening interval that is
based on data from longitudinal cohort studies. The U.S. Preventive Services Task Force
stated in 2011, “Because of limitations in the precision of testing, a minimum of 2 years may
be needed to reliably measure a change in BMD; however, longer intervals may be
necessary to improve fracture risk prediction.”1 To our knowledge, no U.S. study has
addressed this clinical uncertainty.
A previous prospective analysis8 of data from the Study of Osteoporotic Fractures (SOF)
suggested that repeating a BMD measurement up to 8 years after the initial screening
provided little additional value beyond the initial BMD screening results for predicting new
fractures in elderly women. A 2009 longitudinal analysis9 involving 1008 women in
Australia who were 60 years of age or older suggested that age and baseline T score were
important factors to consider in determining a BMD testing interval, with the goal of
detecting low BMD before the onset of a fragility fracture. However, neither of these studies
estimated BMD testing intervals to identify osteoporosis (as defined by BMD criteria)
before a major fracture occurred; instead, they used fracture or fracture combined with
osteoporosis as the outcome.
To determine how the BMD testing interval relates to the timing of the transition from
normal BMD or osteopenia to the development of osteoporosis before a hip or clinical
vertebral fracture occurs, we conducted competing-risk analyses of data from 4957 women,
67 years of age or older, who did not have osteoporosis at baseline and who were followed
longitudinally for up to 15 years in the SOF. The BMD testing interval was defined as the
estimated time during which osteoporosis developed in 10% of women before they had a hip
or clinical vertebral fracture and before they received treatment for osteoporosis. We
expected women with osteopenia at baseline to have a more rapid transition to osteoporosis
than women with normal T scores at baseline.
METHODS
STUDY PARTICIPANTS
The SOF cohort included 9704 ambulatory women (more than 99% of whom were white;
race was self-reported), 65 years of age or older, recruited between 1986 and 1988 from
population-based listings at four U.S. sites: Baltimore, Minneapolis, the Monongahela
Valley near Pittsburgh, and Portland, Oregon.10 Women with bilateral hip replacements
were excluded from the study. All participants provided written informed consent. The
follow-up period included study examinations at year 2 (1989–1990), year 6 (1992–1994),
year 8 (1995–1996), year 10 (1997–1999), and year 16 (2002–2004). Details of the study
examinations and the selection of the analytic cohort (4957 women) are described in the
Supplementary Appendix (available with the full text of this article at NEJM.org) and in
Figure 1. The analysis protocol was approved by the institutional review board of the
University of North Carolina. The SOF study protocol was approved by the institutional
review boards at all participating sites (the study protocol approved by the institutional
review board of the University of California, San Francisco, is available at NEJM.org).
OUTCOMES
The primary outcomes were the estimated intervals for 10% of participants to make the
transition from normal BMD or osteopenia at baseline to osteoporosis before a hip or
clinical vertebral fracture occurred and before treatment for osteoporosis was initiated.
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RISK FACTORS FOR FRACTURE
Several clinical risk factors for fracture, including components of the FRAX fracture risk
assessment tool,11 were covariates in the time-to-event analyses, including age, body-mass
index (BMI, the weight in kilograms divided by the square of the height in meters), estrogen
use at baseline, any fracture after 50 years of age, current smoking, current or past use of
oral glucocorticoids, and self-reported rheumatoid arthritis (with a missing value classified
as absence of disease).
STATISTICAL ANALYSIS
Competing risk analyses were conducted to estimate the cumulative incidence functions for
the time to the development of osteoporosis before a hip or clinical vertebral fracture and
before initiation of treatment for osteoporosis and the corresponding intervals for 10% of
participants to make the transition from normal BMD or osteopenia to osteoporosis — that
is, the cumulative incidence quantile as defined by Peng and Fine.12 The participants were
stratified into four groups according to the T-score range (lowest T score at femoral neck or
total hip): normal BMD (T score, −1.00 or higher), mild osteopenia (T score, −1.01 to
−1.49), moderate osteopenia (T score, −1.50 to −1.99), and advanced osteopenia (T score,
−2.00 to −2.49). Parametric cumulative incidence curves for the time to osteoporosis were
estimated from log–logistic-regression models for the cumulative incidence function based
on interval-censored data.13–19 The baseline for each participant (and her time origin, which
was the first study examination at which a BMD measurement was recorded, in each
primary analysis) was the first study examination that showed normal BMD or osteopenia,
with follow-up continuing until the study examination that preceded death or withdrawal
from the study. Incident hip or clinical vertebral fractures and the first reported use, before
the development of osteoporosis, of a Food and Drug Administration–approved agent for the
treatment of osteoporosis (i.e., bisphosphonate, calcitonin, or raloxifene) were treated as
competing risks, whether or not there was a subsequent transition to osteoporosis, with the
data coded as in the study by Hudgens et al.20 for naive likelihood analyses of parametric
cumulative incidence regression with interval censoring, in which each cumulative incidence
function is analyzed separately.
Two primary analyses were conducted: one for the transition from normal BMD to
osteoporosis (1255 women) and the second for the transition from osteopenia to
osteoporosis (4215 women); 513 women in whom the transition from normal BMD to
osteopenia occurred before their last BMD test were included in both analyses. For
statistically significant clinical risk factors in the models, we conducted stratified analyses of
the estimated time for 10% of women to make the transition to osteoporosis.
Two sensitivity analyses were conducted. First, the testing interval was redefined as the
estimated time for 20% of women to make the transition from osteopenia to osteoporosis, or
for 1%, 2%, or 5% of women to make the transition from normal BMD to osteoporosis.
(Sensitivity analyses could not be conducted for thresholds between 1% and 5% among
women with advanced osteopenia or for a 20% threshold among women with normal BMD,
because the resulting time extrapolations were respectively shorter than the minimum and
longer than the maximum follow-up times.) Second, we repeated the primary analyses using
the secondary definition of osteoporosis, based only on the BMD at the femoral neck.
To better study women who had a fracture without first making the transition to
osteoporosis, as defined by diagnostic criteria from the World Health Organization (WHO),
and without first receiving treatment for osteoporosis, we also calculated the time for 2% of
women to have a hip or clinical vertebral fracture in competing risk analyses of data from
the same study population stratified according to the four T-score ranges. In the fracture
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analyses, the first reported use of bisphosphonate, calcitonin, or raloxifene and the first
documentation of osteoporosis before fracture were treated as competing risks,13 and data
were censored for death or withdrawal from the study with the use of the approach of
Hudgens et al.20
All analyses were performed with the use of SAS software, version 9.2 (SAS Institute).21
Further details of the statistical analysis are provided in the Supplementary Appendix.
RESULTS
CHARACTERISTICS OF THE STUDY COHORT
Baseline characteristics of the 4957 women who participated in the analysis are shown in
Table 1. Within each T-score range, the numbers of women in whom osteoporosis
developed during the follow-up period were as follows: normal BMD, 10 of 1255 women
(0.8%); mild osteopenia, 64 of 1386 (4.6%); moderate osteopenia, 309 of 1478 (20.9%); and
advanced osteopenia, 841 of 1351 (62.3%).
ESTIMATED BMD TESTING INTERVALS
Unadjusted estimates (Fig. 2) and covariate-adjusted estimates of the cumulative incidence
of osteoporosis as a function of testing interval were similar. The times for 10% of women
without osteoporosis to make the transition to osteoporosis increased with higher baseline T
scores at the hip. The adjusted estimates for women with normal BMD and for those with
mild osteopenia at baseline were very similar (16.8 years [time conservatively estimated for
the lowest BMD in the normal range] and 17.3 years, respectively) (Table 2). The adjusted
estimates were 4.7 years for women with moderate osteopenia and 1.1 years for those with
advanced osteopenia. For women with osteopenia at baseline, T-score group, age, BMI,
current estrogen use, and the interaction of T-score group by BMI were significant
predictors in the final model (P<0.02). The other covariates — any fracture after 50 years of
age, current smoking, previous or current use of oral glucocorticoids, and self-reported
rheumatoid arthritis — were not significant predictors (all P>0.20).
Within a given T-score range, the estimated time for the transition from osteopenia to
osteoporosis was longer with younger age (Table 3). For example, among women with
moderate osteopenia, the estimated BMD testing interval was approximately 5 years for
women who were 70 years old and approximately 3 years for those who were 85 years old.
The estimated transition time was also longer for women who were taking estrogen at
baseline, as compared with those who had either taken estrogen in the past or never taken it.
Among women with mild osteopenia, testing intervals were longer than 14 years for all BMI
values evaluated. A higher BMI was associated with a slightly longer testing interval among
women with advanced osteopenia (P<0.001 for trend), but all estimated intervals were close
to 1 year (range, 0.8 to 1.3). For all BMI values evaluated, women with moderate osteopenia
had an estimated testing interval of approximately 4.5 years. There was no significant
association between BMI and the time to the development of osteoporosis for women with
moderate osteopenia at baseline (P=0.51 for trend).
When the testing interval was redefined as the estimated times for 20% of women to make
the transition from osteopenia to osteoporosis, the time estimates were approximately 80%
longer (8.5 years and 2.0 years for women with moderate and advanced osteopenia,
respectively), as compared with corresponding estimates based on a 10% transition
threshold. In a sensitivity analysis in which we used the secondary definition of
osteoporosis, based on the BMD at the femoral neck alone, the covariate-adjusted times for
10% of women to make the transition to osteoporosis were 1.0 years for women with
advanced osteopenia, 4.7 years for those with moderate osteopenia, and more than 15 years
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for those with mild osteopenia or normal BMD. Although these estimates were similar to the
estimates in the primary analysis (which was based on the BMD at the total hip or femoral
neck) for women with osteopenia, the time estimate in this sensitivity analysis for women
with normal BMD was more than twice as long as that in the primary analysis, and it was
much longer than the maximum follow-up time of 15 years.
A total of 121 women (2.4%) had a hip or clinical vertebral fracture before the transition to
osteoporosis, as defined by WHO diagnostic criteria, or before the receipt of treatment for
osteoporosis. The adjusted estimated time for 2% of women to have a hip or clinical
vertebral fracture was more than 15 years for women with normal BMD or mild osteopenia,
and approximately 5 years for those with moderate or advanced osteopenia. Complete
results of the sensitivity analyses are presented in the Supplementary Appendix.
DISCUSSION
We conducted a study of rates of transition to osteoporosis in order to help clinicians decide
on BMD testing intervals for older women with normal BMD or osteopenia at the initial
assessment. Our results suggest that the baseline T score is the most important determinant
of a BMD testing interval. During the 15-year study period, less than 1% of women with T
scores indicating normal BMD and 5% of women with T scores indicating mild osteopenia
at their first assessment made the transition to osteoporosis, with an estimated testing
interval of about 15 years for 10% of women in each of these groups to make the transition.
This finding suggests that if BMD testing is deferred for 15 years among women with T
scores greater than −1.50, there is a low likelihood of a transition to osteoporosis during that
period. We found that 10% of women with moderate osteopenia and 10% of women with
advanced osteopenia made the transition to osteoporosis in 5 years and 1 year, respectively.
Although clinical risk factors had a minimal effect on the time estimates as a whole, a
significant trend for age supported shorter testing intervals as women age. The estimated
time for only 2% of women to make the transition to hip or clinical vertebral fracture before
the development of osteoporosis was 5 years for women with moderate or advanced
osteopenia and at least 15 years for women with mild osteopenia or normal BMD. Thus,
with the use of the stated criteria for the study, consideration of the time to a hip or clinical
vertebral fracture would not substantially alter recommendations for osteoporosis screening
intervals based on the time to osteoporosis alone.
Recent controversy over the harms of excessive screening for other chronic diseases22–24
reinforces the importance of developing a rational screening program for osteoporosis that is
based on the best available evidence rather than on health care marketing, advocacy, and
public beliefs that have encouraged overtesting and over-treatment in the United States.25
Our findings provide evidence-based estimates for an osteoporosis screening interval before
new hip or clinical vertebral fractures and before initiation of treatment for osteoporosis.
Our results are consistent with those of Hillier et al.,8 suggesting that frequent BMD testing
is unlikely to improve fracture prediction, and with those of Frost et al.,9 suggesting that age
and T score are key factors in determining a reasonable interval for BMD testing. Our study
extends their findings by estimating the transition time to osteoporosis before a hip or
clinical vertebral fracture, with the goal of treating osteoporosis to reduce the risk of such
fractures, which account for the majority of fracture-related complications among older
adults.
Several features of our analysis will assist clinicians in making decisions regarding
osteoporosis screening intervals. Clinicians might feel impelled to shorten the BMD
screening interval for patients with osteopenia who have clinical risk factors for fracture.
Our estimates for BMD testing intervals proved to be robust after adjustment for major
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clinical risk factors. However, clinicians may choose to reevaluate patients before our
estimated screening intervals if there is evidence of decreased activity or mobility, weight
loss, or other risk factors not considered in our analyses. As expected, the estimated time to
osteoporosis decreased with increasing age, so that an interval of 3 years, instead of 5 years,
might be considered for women 85 years of age or older who have moderate osteopenia.
Although the trends for BMI and estrogen use were also significant, they were less clinically
relevant. If 10 years were to be considered the maximum testing interval for any woman, the
BMI would not alter the recommendations for the testing intervals for each T-score range
(based on a comparison of the time estimates in Table 3 vs. those in Table 2). Current
estrogen use, as compared with use of estrogen in the past or no history of estrogen use, was
significantly associated with higher BMD and a longer testing interval. These results were
consistent with the finding of BMD loss after discontinuation of hormone therapy in the
Postmenopausal Estrogen/Progestin Interventions (PEPI) trial (ClinicalTrials.gov number,
NCT00000466)26 and a SOF analysis suggesting that previous hormone therapy does not
provide protection against hip fracture.27 Because of the transient effect of estrogen on
BMD, we do not recommend modifying the screening interval on the basis of estrogen use.
Our study had several limitations. First, our testing interval was based only on BMD
transitions, with adjustment for risk factors for fracture; the potential benefits and risks of
screening and its cost-effectiveness were not considered. Second, owing to limitations
imposed by the data set, precise time estimates were not possible for the following analyses:
5% threshold for women with advanced osteopenia at baseline, 20% threshold for women
with normal BMD or mild osteopenia at baseline (Table A in the Supplementary Appendix),
and outcome for BMD at the femoral neck among women with normal BMD at baseline
(Table C in the Supplementary Appendix). Third, 49% of the original SOF participants
(4747 of 9704 women) were excluded from our analysis. About half the excluded women
were not eligible for screening because they had osteoporosis at baseline, had a history of a
hip or clinical vertebral fracture, or had received treatment for osteoporosis at baseline; the
remaining women had too few DXA examinations to be followed longitudinally. However,
the mean age and mean baseline T scores in our analytic cohort were similar to those for all
SOF participants who had any DXA scans of the hip. Fourth, our analysis was limited to
women 67 years of age or older; different results might have been obtained from analyses
that included younger postmenopausal women or men. Finally, white women accounted for
more than 99% of our sample. However, because the prevalence of osteoporosis of the hip
among white women is equal to or slightly higher than the prevalence among nonwhite
women by estimates from the National Health and Nutrition Examination Survey,28 the
testing intervals we calculated are likely to be reasonable estimates for women of all races.
The strengths of our analysis include the large size of the cohort and the long follow-up
period. Repeated BMD testing during the long follow-up period allowed precise estimation
of testing intervals from event times (i.e., time to the development of osteoporosis) that were
unknown, up to a time interval, for every woman in the study sample.
In conclusion, our results suggest that osteoporosis would develop in less than 10% of older,
postmenopausal women during screening intervals that are set at approximately 15 years for
women with normal bone density or mild osteopenia (T score, greater than −1.50) at the
initial assessment, 5 years for women with moderate osteopenia (T score, −1.50 to −1.99),
and 1 year for women with advanced osteopenia (T score, −2.00 to −2.49).
Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Study Populations for Analyses of BMD Transitions
Of the 8514 women who underwent dual-energy x-ray absorptiometry (DXA) for
measurement of bone mineral density (BMD), 3557 were excluded from the study, including
those who had osteoporosis (T score at the femoral neck or total hip, −2.50 or lower), those
who had a past hip or clinical vertebral fracture or who received treatment for osteoporosis
by the time of their first BMD measurement, and those who did not undergo BMD
measurements at the femoral neck and total hip at two or more examinations. In the analytic
cohort of 4957 women with adequate BMD measurements of the femoral neck and total hip
before data censoring, two transitions were studied: normal BMD to osteoporosis (1255
women) and osteopenia to osteoporosis (4215 women). A total of 513 women made the
transition from normal BMD to osteopenia and had at least one subsequent examination with
BMD recorded; data from these women were included in both analyses.
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Figure 2. Unadjusted Cumulative Incidence of Osteoporosis According to Baseline T-Score
Range
The proportion of women who had a transition to osteoporosis is shown as a function of
time. The cumulative incidence curves were estimated by means of parametric cumulative
incidence models for interval-censored data. The dashed horizontal line marks the 10%
threshold for the transition to osteoporosis; where this line intersects each cumulative
incidence curve, a vertical dashed line to the x axis marks the estimated testing interval. The
analysis of women with osteopenia at baseline is based on three T-score groups and included
the 513 women who made the transition from normal BMD to osteopenia and had at least
one subsequent examination with BMD recorded.
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Table 1
Characteristics of the 4957 Study Participants.*
Characteristic Analysis
Normal BMD to Osteoporosis (N = 1255) Osteopenia to Osteoporosis (N = 4215)
Age — no. (%)
 67–74 yr 971 (77.4) 2867 (68.0)
 ≥75 yr 284 (22.6) 1348 (32.0)
BMI — no./total no. (%)
 <25, normal or underweight 275/1245 (22.1) 1696/4200 (40.4)
 ≥25, overweight or obese 970/1245 (77.9) 2504/4200 (59.6)
Previous fracture after 50 yr of age — no./total no. (%)
 Yes 319/1247 (25.6) 1512/4184 (36.1)
 No 928/1247 (74.4) 2672/4184 (63.9)
Current smoker — no. (%)
 Yes 65 (5.2) 287 (6.8)
 No 1190 (94.8) 3928 (93.2)
Estrogen use — no. (%)
 Current 304 (24.2) 653 (15.5)
 Past 369 (29.4) 1295 (30.7)
 None 582 (46.4) 2267 (53.8)
Oral glucocorticoid use — no./total no. (%)
 Current or past 146/1231 (11.9) 474/4141 (11.4)
 None 1085/1231 (88.1) 3667/4141 (88.6)
Self-reported rheumatoid arthritis — no. (%)
 Yes 67 (5.3) 261 (6.2)
 No† 1188 (94.7) 3954 (93.8)
Mean BMD T score
 Femoral neck −0.33 −1.65
 Total hip −0.003 −1.35
*
The two analytic cohorts were not mutually exclusive; that is, 1255 women were included in the analysis of the transition from normal bone
mineral density (BMD) to osteoporosis, 4215 were included in the analysis of the transition from osteopenia to osteoporosis, and 513 were included
in both analyses (i.e., they had normal BMD and then had a transition to osteopenia, with further follow-up). BMI denotes body-mass index.
†
 Data include 458 women (36%) with normal BMD and 1439 (34%) with osteopenia who reported that they did not know whether they had
rheumatoid arthritis.
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Table 2
Interval between Baseline Testing and the Development of Osteoporosis in 10% of Study Participants,
According to the Result of Baseline Testing.*
Result of Baseline Test Interval between Baseline Testing and Development of Osteoporosis†
Unadjusted Adjusted‡
no. of years (95% CI)
Normal BMD 17.4 (11.5–26.3) 16.8 (11.5–24.6)
Mild osteopenia 16.5 (13.6–20.2) 17.3 (13.9–21.5)
Moderate osteopenia 4.6 (4.1–5.1) 4.7 (4.2–5.2)
Advanced osteopenia 1.0 (0.8–1.1) 1.1 (1.0–1.3)
*
Osteoporosis was defined as a T score of −2.50 or lower at the femoral neck or total hip. Normal BMD was defined as a T score of −1.00 or
higher, mild osteopenia as a T score between −1.01 and −1.49, moderate osteopenia as a T score between −1.50 and −1.99, and advanced
osteopenia as a T score between −2.00 and −2.49.
†
 Estimates greater than 15 years have questionable reliability, owing to excessive extrapolation required to estimate the time for 10% of women to
make a transition to osteoporosis.
‡
 Data were adjusted for age, BMI, and status with respect to current estrogen use, any fracture after 50 years of age, current smoking, current or
previous oral glucocorticoid use, and rheumatoid arthritis (4097 women with completely observed covariate data). For the normal-BMD group,
data were adjusted for continuous BMD and age only (1255 women with completely observed covariate data).
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Table 3
Interval between Baseline Osteopenia and the Development of Osteoporosis in 10% of Study Participants,
According to Age, BMI, and Estrogen-Use Status.
Variable Adjusted Interval*
Mild Osteopenia Moderate Osteopenia Advanced Osteopenia
no. of years (95% CI)†
Age
 67 yr — 5.6 (4.9–6.4) 1.3 (1.1–1.6)
 70 yr — 5.1 (4.6–5.7) 1.2 (1.0–1.4)
 75 yr 16.2 (13.0–20.2) 4.4 (3.9–4.9) 1.0 (0.9–1.2)
 80 yr 13.8 (10.9–17.6) 3.7 (3.2–4.3) 0.9 (0.8–1.0)
 85 yr 11.8 (9.0–15.5) 3.2 (2.6–3.9) 0.8 (0.6–0.9)
BMI
 18.5 — 4.4 (3.5–5.4) 0.8 (0.6–0.9)
 25.0 18.7 (14.5–24.0) 4.6 (4.1–5.1) 1.0 (0.9–1.2)
 30.0 14.6 (12.0–17.9) 4.8 (4.2–5.5) 1.3 (1.1–1.5)
Estrogen use
 Current — 6.9 (5.7–8.4) 1.6 (1.3–2.0)
 Past or none 16.1 (12.9–20.0) 4.3 (3.9–4.8) 1.0 (0.9–1.2)
*
Data are for the estimated time to the development of osteoporosis, based on a model adjusted for age, BMI, and status with respect to estrogen
use, any fracture after 50 years of age, current smoking, current or previous oral glucocorticoid use, and rheumatoid arthritis, as well as interaction
of T-score group with BMI.
†
 Estimates greater than 15 years have questionable reliability, owing to excessive extrapolation required to estimate the time for 10% of women to
make a transition to osteoporosis. Estimates greater than 15 years with 95% confidence intervals excluding 15 years are not presented.
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